Rationale Alcohol dependence is associated with high rates of recidivism. Stress has been shown to increase alcohol craving in alcohol-dependent individuals, but the association between stress-induced craving and alcoholism treatment outcome is not well understood. Objective The aim of the present study was to examine the relationship between strength of stress-induced alcohol craving in the human laboratory and subsequent drinking in a cohort of treatment-seeking, alcohol-dependent adults. Materials and methods This is a prospective study assessing stress-induced craving in the lab and subsequent treatment outcomes in alcohol-dependent subjects enrolled in a 12-week outpatient study. Stress was induced using a previously developed, individualized, audio recorded stress script and validated with objective (salivary cortisol) and subjective measures of distress. In vivo craving for alcohol was measured pre-and post-challenge using VAS. Results Subjects were 28 (16 male, 12 female) alcoholdependent outpatients. Greater stress-induced craving was associated with a blunted salivary cortisol response, significantly shorter time to alcohol relapse, higher mean drinks per week, fewer percent days abstinent, and lower rates of complete abstinence over the study duration (all p's < 0.05). Conversely, no demographic or baseline variables were significant predictors of any outcome variable.
Introduction
Alcohol-use disorders, which include both alcohol abuse and dependence, make up one of the most prevalent categories of substance use disorders, affecting more than two billion people worldwide. The Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) (American Psychiatric Association 2000) characterizes alcohol dependence as a maladaptive pattern of drinking leading to clinically significant impairment, as manifested by a compulsion to drink, a lack of control over the amount of alcohol consumed, and continued drinking despite realization of the associated problems. Although significant strides have been made in the development of efficacious behavioral and pharmacologic treatments for alcohol dependence, relapse rates remain very high. Relapse, or the return to pathological alcohol use following periods of abstinence, is one of the principal characteristics of dependence on alcohol.
More than 80% of alcohol-dependent individuals relapse during the 6-to 12-month period following treatment (Heinz et al. 2009) . A key feature of alcohol dependence and relapse is craving (Childress et al. 1993; Rohsenow and Monti 1999; Waldrop et al. 2007) , often elicited by alcoholrelated cues, or stress (Breese et al. 2005; Cooney et al. 1997; Mason et al. 2008; Monti et al. 1993; Rohsenow and Monti 1999) . The association between stress and alcohol use has been well documented both in the preclinical (Koob 2008) and clinical (Uhart and Wand 2009) literature. In animals, Volpicelli et al. (1990) found that acute stress increased alcohol consumption in rats, and Higley et al. (1993) found that chronic stress (i.e., separation from mother) results in higher alcohol consumption in the adult rhesus monkey. Moreover, studies using the reinstatement model have shown that exposure to stress leads to increased alcohol seeking in abstinent, alcohol-experienced, and dependent laboratory animals (Le et al. 2000 (Le et al. , 2001 Liu and Weiss 2002; Shalev et al. 2000; Valdez et al. 2003; Weiss et al. 2001) .
Clinical research also demonstrates how psychosocial stress may contribute to both alcohol-seeking behavior and risk of relapse (Brown et al. 1994 (Brown et al. , 1989 Karlsgodt et al. 2003) . A theoretical rationale for the underlying mechanisms responsible for relapse to alcohol use involves negative reinforcement processes whereby the motivational basis of pathological alcohol use is presumed to be the reduction or avoidance of aversive internal states that emerge when alcohol use is discontinued (Baker et al. 2004; Koob 2003) . In support of this theoretical approach, prospective studies indicate that individuals with an inability to tolerate affective distress are significantly more likely to drop out of residential substance abuse treatment (Daughters et al. 2005a ) and have shorter abstinence durations across addictions (Brandon et al. 2003; Brown et al. 2002; Daughters et al. 2005b ). Accordingly, it has been shown that alcoholics confronted with stressful circumstances following treatment are more likely to relapse than those not experiencing such stress (Noone et al. 1999) .
Although there is substantial clinical and anecdotal support for stress-induced relapse, empirical support that stress causes relapse or a return to drinking is equivocal. In human laboratory studies, exposure to stress and negative affective cues have been shown to increase alcohol craving and stress-related physiological arousal (Breese et al. 2005; Cooney et al. 1997; Fox et al. 2007; Litt et al. 2000; Marlatt 1990; Mason et al. 2009; Sinha et al. 2009 ), but whether this increased craving predicts subsequent drinking is unknown. Determining conclusively that stress causes drinking in alcohol-dependent populations poses both methodological and ethical challenges. To date, only four randomized, controlled studies of stress manipulation followed by subsequent drinking in an alcohol-dependent population exist, and the results are mixed. Miller et al. (1974) and Thomas et al. (2011) reported a significant increase in alcohol consumption following acute stress exposure while Higgins and Marlatt (1973) and Pratt and Davidson (2009) found no change. Such contradictory results may be due, in part, to methodological differences and the use of stressors that lack ecological relevance to understanding relapse in alcohol dependence (i.e., anticipation of an electrical shock). Approaches that more closely model common psychosocial stress may provide a more consistent picture. For instance, using personalized guided imagery to induce stress, Sinha et al. (2009) found increased craving for alcohol accompanied by a blunted cortisol response in non-treatment-seeking alcoholdependent adults. Additionally, Junghanns et al. (2003) reported that blunted cortisol response to a psychosocial stress test is associated with early relapse in recently abstinent alcohol-dependent individuals. These results suggest that stress may mediate return to drinking and that an abnormal physiological stress response in alcoholdependent individuals may contribute to relapse propensity.
Neurobiological models of addiction have demonstrated that brain stress and reward systems are altered with chronic heavy alcohol use, and these changes may contribute to increased alcohol seeking or "craving" and vulnerability to relapse (Breese et al. 2005; Koob 2008; Le et al. 2001; Weiss et al. 2001) . Alterations in the hypothalamo-pituitaryadrenocortical (HPA) axis response have been observed during active drinking (Wand and Dobs 1991) , acute withdrawal, and 4 weeks post-withdrawal (Adinoff et al. 1991 (Adinoff et al. , 2003 Errico et al. 1993; Lovallo et al. 2000) . Moreover, blunted cortisol response has been associated with increased risk of relapse (Junghanns et al. 2003 .
While stress is considered to be an important factor in the initiation, maintenance, and relapse to alcohol abuse (Brady and Sonne 1999; Marlatt 1979; Pohorecky 1991; Wolffgramm 1991) , few studies have directly examined the role of stress on relapse outcomes in treatment-seeking alcohol-dependent individuals. As such, the objective of the present study was to prospectively investigate whether stress-induced alcohol craving and corresponding HPA responses in the laboratory are predictive of alcoholism treatment outcomes in individuals enrolled in a 12-week clinical trial. We hypothesized that stress-induced alcohol craving in the laboratory would predict drinking relapse outcomes in alcohol-dependent individuals seeking treatment, and that blunted HPA axis activity (as measured by salivary cortisol secretion) would be significantly related to drinking outcomes.
Materials and methods

Subjects
Subjects were a cohort of alcohol-dependent, male and female, treatment-seeking individuals enrolled in a 12-week, outpatient alcoholism treatment study investigating the efficacy of two study medications versus placebo. All subjects participated in a stress induction human laboratory session at week 2 of the 12-week trial and subsequently were dichotomized into two stress-induced craving groups (high vs. low) that were equally represented across the three medication groups. All participants satisfied the DSM-IV (American Psychiatric Association 2000) criteria for current alcohol dependence. Subjects were recruited primarily through newspaper ads. This study was conducted at The Scripps Research Institute (TSRI), La Jolla, CA, and approved by the Institutional Review Board as conforming to the ethical standards of the 1964 Declaration of Helsinki.
Inclusion criteria
To be eligible for the study, participants had to meet diagnostic criteria for current alcohol dependence and report drinking an average ≥21 standard drinks per week if male, ≥14 if female, with at least one heavy drinking day (defined as ≥5 drinks per day for males, ≥4 per day for females) per week in the month prior to screening.
Exclusion criteria
Potential subjects were excluded if they had any Axis I disorders including mood or anxiety disorders or if they were dependent on any substance other than alcohol or nicotine. Individuals with clinically significant medical disorders (as determined by a study physician) or those taking medications that could confound study outcomes (e.g., anti-depressants) were also excluded. Other exclusion criteria included an inability to understand study questionnaires and procedures in English, those requiring court-mandated treatment, and/or those in need of alcohol detoxification (or those with a Clinical Institute Withdrawal Assessments (Sullivan et al. 1989 ) for alcohol total score >8).
Procedures
Initial eligibility was ascertained in a pre-screening telephone interview. Potential subjects then attended a screening interview during which the study was explained, and written informed consent was obtained. Each participant was evaluated for eligibility with a standard clinical interview including the drug, alcohol, and psychiatric modules of the Structured Clinical Interview for DSM-IV (First et al. 1996) , and a protocol-specific standardized questionnaire was used to obtain demographics and alcohol and substance use history, including age of first alcohol use and total years of heavy drinking. Baseline measures of drinking were obtained using the Timeline Follow-Back Interview (TLFB) (Sobell and Sobell 2000) to determine quantity and frequency of drinking in the 90 days prior to screening. The alcohol dependence scale (ADS) (Skinner and Horn 1984) was used as a quantitative measure of alcohol dependence severity. The Alcohol Craving Questionnaire (ACQ) (Singleton et al. 1994 ) was used to assess current alcohol craving, difficulty resisting the urge to drink, and anticipation of positive outcome or relief from negative affective states by drinking. The Beck Depression Inventory II (BDI-II) (Beck et al. 1996 ) was used to assess baseline mood symptoms. Finally, all eligible participants underwent a clinical laboratory screening of blood and urine and a medical exam by a study physician to rule out clinically significant medical disorders.
Baseline script development session
All subjects participated in a 1-h stress script development session with a trained clinician during the first visit of study participation. During the script development session (modified from Pitman et al. 1987) , subjects were asked to identify a recent highly stressful event from their own lives (rated by the subject as Q 8 on an 11-point Likert-type scale for stressfulness, adapted from Sinha et al. 2009 ). A structured stimulus response interview was used to elicit specific details of the stressful event. Subjects were then asked to select from a "menu" those subjective visceral and muscular reactions that he/she remembered as having accompanied the experience (Pitman et al. 1987) . Immediately following the script development session, the clinician developed a 1.5-min script that portrayed the stressful experience in the second person, present tense, and incorporated up to five different visceral and muscular reactions or as many as the subject selected, whichever was less. The script was then audio recorded for later use in the laboratory session. Examples of commonly reported stressful situations included breakup with a significant other, a verbal argument with a significant other or family member, or employment-related stress, such as being fired or laid off from work. Stressful situations involving alcohol use or repercussions from alcohol use were not allowed so as not to confound stress-induced craving with alcohol-cue-related craving.
Stress induction laboratory session
The human laboratory session was conducted at week 2 of treatment. Subjects reported to the laboratory at 12:30 p.m. on the day of testing, and the laboratory sessions occurred at approximately 2:00 p.m. to control for effects of circadian rhythm and satiety. Vital signs and a urine specimen were collected, and abstinence from alcohol was confirmed by breath alcohol concentration (BAC). Stan-dardized measures and self-report questionnaires were collected to provide pre-manipulation baseline ratings of drinking, craving, and mood. After completing all baseline assessments, subjects were escorted to a comfortable chair located in a windowless, sound-attenuated testing room adjacent to the control room and separated by a large oneway mirror. Subjects were familiarized with the laboratory procedures during a neutral practice trial. Pre-manipulation salivary cortisol and subjective alcohol craving rating (assessed using four individual 21-point visual analog scale (VAS) craving items) were obtained.
At 2:00 p.m., subjects were provided with headphones and a digital audio recorder and instructed to listen to the audio recording for the entire duration and try to remember and imagine the event as if it were happening at that time. Immediately following the script presentation, salivary cortisol samples and subjective VAS alcohol craving ratings were obtained. Finally, subjects were asked to indicate on an 11-point VAS the degree to which the script evoked a stress response as a validation check of the laboratorybased manipulation of stress exposure. Subjects were then debriefed and guided through a relaxation period. Mood (BDI-II) and craving (ACQ) assessments were repeated to ensure that affect and urge to drink had returned to baseline levels.
Laboratory assessments
Stress-induced craving was assessed using four individual 21-point VAS items adapted from the ACQ (Singleton et al. 1994) . Each VAS item endpoint was anchored with a 0 on the left indicating no craving and a 20 on the right indicating severe craving. The items represented strength of craving ("How strong is your craving to drink alcohol"), impulse ("It would be hard to turn down a drink right now"), control ("If I could drink alcohol right now, I would drink it"), and relief drinking ("Having a drink would make things just perfect"). Total stressinduced craving was calculated by summing the four individual items (range=0-80).
Subjective stress induction was assessed using an 11-point VAS in which subjects were asked to indicate the degree to which the story induced stress (0="not at all," 10="extremely high").
Salivary cortisol
Saliva samples were collected pre-and post-stress manipulation as a marker of HPA axis response. Participants were instructed to place a cotton roll between their tongue and cheek for approximately 1 min or until the swab was completely saturated. The saliva swab was then collected in plastic tubes that were placed directly on ice and stored at −20°C. Saliva samples were assayed in duplicate at the Parsons Laboratory at TSRI to obtain levels of free cortisol following standard radioimmunoassay kits with no modifications.
Procedures and assessments over the 10-week treatment period All participants received manualized, weekly, individual, abstinence-oriented counseling (www.alcoholfree.info) with a trained clinician. At each weekly study visit, a urine specimen was collected to screen for drugs of abuse, and BAC level was assessed with a breathalyzer to confirm abstinence. The Timeline Follow-Back Interview (Sobell and Sobell 2000) was used to determine quantity and frequency of drinking between weekly visits with a standard drink equivalent to 12 oz of beer (4-6% abv), 5 oz of wine, or 1½oz of 80-proof liquor. All subjects received weekly drinking diaries for recording alcohol consumption. Drinking diaries were collected weekly, and corroborated drinking information was obtained in the TLFB interview. Weekly mood and craving ratings were obtained using the BDI-II (Beck et al. 1996) and ACQ (Singleton et al. 1994) , respectively.
Data analysis
Associations between stress-induced craving in the laboratory and prospective treatment outcomes were assessed for the remaining 10 weeks of treatment. The following alcohol use measures were computed from the TLFB and used for outcome analyses covering the interval from the lab session (week 2) to end of treatment (week 12): (1) latency to first drink, the interval to the first day of alcohol use; (2) alcohol use, the mean number of drinks per week while on study; (3) percentage of abstinent days, the total number of abstinent days during study; and (4) complete abstinence duration, the number of individuals achieving complete abstinence for the 10-week treatment interval following the lab session.
High and low stress-induced craving groups were defined on the basis of a mean split of the VAS total craving difference score (post-stress VAS total craving minus pre-stress total VAS craving). Those with stressinduced VAS difference scores < the mean VAS craving difference score were assigned to the low stress-induced craving group; those with scores ≥ mean VAS craving difference score were assigned to the high stress-induced craving group. Demographic and baseline characteristics were first examined for group differences and association with treatment outcome measures. If any demographic or baseline measure was significantly associated with any treatment outcome, it would be considered as a potential covariate in examining the association between stressinduced craving and the specific treatment outcome. Differences in demographic variables between subjects with low versus high stress-induced craving responses to stress script were assessed by t test or Χ 2 for continuous and categorical variables, respectively.
Complete abstinence in the study was defined as abstinence from study entry to study completion. Differences between low and high stress-induced craving groups in the proportion of subjects with complete abstinence were assessed by chi-square test. Latency to first drink was defined as the interval between the stress induction laboratory session and the first drink. Kaplan-Meier curves were constructed, and Breslow-Wilcoxon analysis was performed to make univariate comparisons of differences in drink latency between craving groups. Multivariate analysis of drink latency was performed using the Cox proportional hazards regression method. Mean number of drinks was defined as the number of drinks consumed divided by the number of weeks of study participation. Percentage of abstinent days was defined as the number of days abstinent divided by the number of days of study participation. In addition to stress-induced VAS craving score in the lab, cortisol response and continuous baseline variables were evaluated as predictors of treatment response including age, age at onset of alcohol dependence, baseline ADS score, baseline BDI-II total score, baseline total ACQ score, and baseline (past 90 days) drinks per week. Dichotomous variables included in models were family history of alcohol abuse, medication treatment group, and gender. Backward stepwise linear regression was used to characterize the relationship between baseline variables, stress-induced VAS total craving scores, and drinking outcomes, using the same covariates listed above. Covariates were eliminated in each step at p < 0.2 to arrive at parsimonious models including only independently significant covariates. Regression assumptions were confirmed with collinearity and outlier diagnostics. Tolerance values for predictors were >0.9, and no Mahalanobis value exceeded the critical value of 13.82. All tests were 2-tailed, and a p value <0.05 was considered statistically significant. All analyses were performed using PASW 17.0 (IBM Corp., Somers, NY)
Results
Participants were 28 treatment-seeking, alcohol-dependent, males (n=16) and females (n=12) enrolled in a 12-week outpatient study for alcoholism treatment. The average age was approximately 40 years, ranging from 21 to 60 years. Table 1 shows demographic and baseline characteristics of the sample. The sample was dichotomized into two groups based on a mean split (M=6) of the change scores obtained from subtracting the stress-induced VAS total craving score obtained in the lab session by subtracting pre-stress VAS total craving scores from post-stress VAS total craving score. The high stress-induced craving group (n=15) was defined as those individuals with a stress-induced VAS total craving change score ≥6. The low stress-induced craving group (n=13) was defined as those individuals with a stress-induced VAS total craving score change <6. Prestress VAS total craving scores were comparable between the high (M=26±17.98) and low stress-induced craving groups (M=26.7±12.48). However, following stress induction, an independent samples t test revealed a significant difference (p<0.001) in VAS total craving scores between the high (M=57.8±26.03) and low stress-induced craving groups (M=24.08±24.64). Importantly, there were no significant group differences in the manipulation check of stress induction ratings such that both groups indicated their personalized script provocation as stressful (M=9.03±1.72 for high craving; M=9.15±1.45 for low craving; maximum stress rating possible=10). Moreover, there were no significant differences between the high and low stress-induced craving groups on any demographic or baseline variable.
Stress-induced cortisol measures in the laboratory session
There was a significant directional difference in stressinduced cortisol response for the high vs. low stress-induced 
Stress-induced craving and cortisol as predictors of treatment outcomes
Higher stress-induced VAS total craving for alcohol in the human laboratory session was significantly associated with a shorter time to relapse (p<0.001) than lower stress-induced VAS total craving; see Fig. 1 . This was confirmed via Cox regression analysis (χ 2 =12.69; p<0.001; hazard ratio, 9.106; 95% confidence interval, 2.70-30.70). The median latency to first drink was 5.5 vs. 49 days for high vs. low stressinduced craving groups. In addition, the high stress-induced craving group drank significantly more drinks per week (M= 24.11±16.99 vs. M=4.02±8.19; p<0.05), had significantly fewer percent days abstinent (M=4.75±18 vs. M=71.8± 30.1; p<0.01), and were significantly less likely to achieve complete abstinence for the study duration (0% vs. 46%) than the low stress-induced craving group.
A linear regression analysis indicated that lower stressinduced VAS total craving significantly predicted greater percent days abstinent (β=−2.35, p=0.03, R 2 =0.22; Fig. 2 ). The low stress-induced craving group had an average of 72% of days abstinent versus an average of 5% of days abstinent on study observed in the high stress-induced craving group. Moreover, the low stress-induced craving group was significantly more likely to achieve complete abstinence for the study duration than the high stressinduced craving group (χ 2 =7.02, p<0.001). A linear regression model containing stress-induced craving and cortisol response as predictors of mean drinks per week revealed these variables as independent significant predictors of mean drinks per week and accounted for more than a third of the variance in the amount of alcohol consumed per week (F(2, 24)=6.69, p=.005, R 2 =0.38). In this model, higher stress-induced craving (β=0.41, p=0.02) and blunted stress-induced cortisol response (β=0.−45, p=0.01) were associated with increased drinks per week; see Fig. 3 .
Stress-induced cortisol responses were not independent predictors of latency to relapse, percent days abstinent, or complete abstinence. Moreover, demographic measures of age, gender, age of onset of alcohol dependence, family history, and baseline amount of alcohol use in the 90 days prior to study, ADS, ACQ, and BDI-II were not significant independent predictors of any treatment outcome.
Discussion
This study prospectively examined the relationship between stress-induced craving in a human laboratory session and treatment outcomes in alcohol-dependent individuals. The potential role of stress in increasing risk of alcohol relapse was initially supported by work showing that alcoholdependent individuals, but not social drinkers, were more susceptible to stress-induced alcohol consumption in laboratory situations (Miller et al. 1974) and that negative Stress-Induced Craving Score Percent of Abstinent Days Fig. 2 Scatterplot of relationship between stress-induced VAS total craving score and percent abstinent days during the study. The low stressinduced craving group had significantly more days abstinent (M=72%) than did the high stress-induced craving group (M=5%; β=−2.35, p=0.03, R 2 =0.22) emotion or stress induction resulted in increased craving for alcohol (Breese et al. 2005; Cooney et al. 1997; Fox et al. 2007; Nesic and Duka 2006; Sinha et al. 2009 ). To our knowledge, however, this is the first study to provide direct evidence that stress-induced alcohol craving in the lab predicts subsequent treatment response in alcoholdependent individuals. Importantly, there was no difference in the stressfulness of the stress induction ratings between the two groups with an average stress severity rating greater than 9 (maximum stress rating possible=10). The stress severity rating of the script alone did not predict or correlate with cortisol or craving response. This is especially interesting given the equivocal nature of the stress and relapse relationship and significantly contributes to the mixed body of literature. It was not simply the exposure to stress, or even the subjective quantification of stress, but the overall behavior response of increased craving following stress exposure that predicted treatment outcomes. Stressinduced craving in the laboratory session (but not age, gender, age of onset of alcohol dependence, parental alcohol abuse, baseline amount of alcohol use, ACQ ratings, or BDI-II scores) predicted all four drinking outcomes-(1) latency to 1st drink, (2) quantity of alcohol use, (3) percentage of abstinent days, and (4) complete abstinence durationsuggesting the increased specificity of stress-induced craving relative to other predictors of treatment response. Greater stress-induced craving predicted a shorter time to initial alcohol lapse, increased drinks per week, fewer percent days abstinent, and reduced likelihood of maintaining complete abstinence for the study duration. Blunted HPA response to stress was observed in the high stress-induced craving group, but not the low stress-induced craving group, and was predictive of subsequent alcohol use. These data support previous findings that chronic alcohol consumption is associated with dysregulation of the HPA axis. Specifically that some alcohol-dependent individuals show a blunted HPA response to acute intervening stressors (Berman et al. 1990; Bernardy et al. 1996; Ehrenreich et al. 1997; Errico et al. 1993; Lovallo et al. 2000; Pratt and Davidson 2009; Sinha et al. 2009; Wand and Dobs 1991) and these attenuated HPA responses are predictive of early relapse to alcohol (Adinoff et al. 2005; Junghanns et al. 2003) . Our current findings are consistent with these data and extend them by documenting a significant inverse correlation between high stress-induced alcohol craving and attenuated cortisol responses. Elevated basal cortisol levels are consistent with an overactive HPA system associated with chronic alcohol abuse and acute and protracted withdrawal (Breese et al. 2005; Funk et al. 2006; Koob and Kreek 2007; Koob et al. 1998 ). The inability to mount an adequate stress response in the high stress-induced craving group may reflect altered HPA axis function, which may suggest weakened ability to effectively cope with stress during protracted abstinence (Adinoff et al. 2005) and thus contribute to the increased relapse susceptibility observed in this study.
The current findings have significant clinical implications. First, stress-induced craving and associated blunted HPA responses may be used as prognostic markers to assess relapse propensity. Such assessments could inform clinicians of the need to tailor interventions for stress regulation and reduction of stress-induced craving. Second, while assessing stressinduced craving and hormonal responses can be informative in identifying individuals who are highly susceptible to relapse, the findings also underscore the importance of developing treatments that address management of stressinduced alcohol craving and regulation of stress-related HPA axis responses in alcohol relapse prevention. There are currently no empirically validated treatments that address stress-induced alcohol craving and related HPA response. Based on these findings, treatments that target stress regulation and attenuation of stress-related alcohol craving may be important for reducing relapse susceptibility. Finally, laboratory models of stress-induced craving could be effective in screening pharmacologic agents or testing cognitive and/or behavioral strategies to reduce stress-induced alcohol craving and HPA responsivity and improve treatment outcomes.
The current study has limitations that need to be acknowledged. Although the sample size is comparable to that of prior investigations, replication with a larger sample will be important to ascertain generalizability. Moreover, Cortisol Response (% Change) Fig. 3 Scatterplot showing the inverse relationship of stressinduced change in alcohol craving (left) and cortisol response (right) from baseline as independent significant predictors of mean drinks per week (R 2 =0.38). In this model, higher stress-induced craving and corresponding blunted stress-induced cortisol response were associated with increased drinks per week (p<0.05) individuals were excluded from participating if they had any comorbid psychiatric disorders and/or other drug use or dependence. Given the high rates of comorbidity in alcoholics (Kessler et al. 2005; Zilberman et al. 2003) , results may not generalize to broader clinical populations. Additionally, the rather non-specific nature of salivary cortisol to assess HPA response warrants future studies that more comprehensively assess stress-induced alterations in HPA function. Despite these caveats, the current study provides previously undocumented evidence that stressrelated increases in alcohol craving in the laboratory are associated with treatment outcomes in treatment-seeking alcohol-dependent individuals. The findings suggest that stress-induced alcohol craving and attenuated hormonal responses could be used diagnostically to evaluate relapse propensity. They also support the need to address the effects of stress-induced craving and HPA response on alcohol relapse susceptibility via pharmacologic and cognitive and/or behavioral treatment development efforts.
In summary, the findings provide direct evidence of the ability of a laboratory paradigm of stress-induced craving to predict treatment outcomes in treatment seekers with alcohol dependence. The clinical importance of stressinduced craving is highlighted in this study by the observed associations between stress-induced craving in the lab setting, blunted cortisol response, and subsequent treatment outcomes. Further investigations are needed to replicate the current findings and to identify behavioral and pharmacologic interventions that may serve to alter stress-induced craving and ultimately treatment outcomes.
